Introduction
Each year, 64,300 men and women are diagnosed with thyroid cancer [1] . Approximately 90% of thyroid cancers are differentiated tumors comprised of papillary and follicular tumors that are commonly diagnosed at an early stage and have high cause-specific survival rates that, on average, exceed 95% [2] . Yet, there is subset of differentiated thyroid cancers (DTCs) that do not respond to traditional therapies and have worse outcomes. Furthermore, medullary thyroid cancers (MTCs) have poorer survival outcomes as well where 10-year disease-specific survival rates drop from 95% for patients with localized disease to 76 and 40% in patients with regional and distant stage disease, respectively [3] .
Until recently, there were no effective curative treatments for advanced or metastatic MTCs as patients with these tumors do not respond to radioactive iodine [4] and there is conflicting evidence regarding the benefit of external beam radiation [5] . However, beginning in 2011, the Food and Drug Administration (FDA) approved the use of several multikinase inhibitors (MKIs) based on recent clinical trials showing their ability to limit disease progression [6] [7] [8] [9] [10] [11] . It is not known, however, whether the assimilation of chemotherapy use in thyroid cancer patients in clinical practice has increased in recent years and whether it varies by patient demographics and facility characteristics. Thus, the primary goal of our study was to describe patterns of chemotherapy use, including MKIs, among MTC patients in relation to the FDA's 2011 approval of these drugs using the National Cancer Database (NCDB) between 2004 and 2013. The secondary goal of the study was to examine baseline chemotherapy use in metastatic DTCs in light of the FDA's more recent approval (November 2013) of MKIs for metastatic DTCs [10] .
Methods

Study Population and Patient Selection
Data from the NCDB, a hospital-based cancer registry jointly sponsored by American Cancer Society and the American College of Surgeons, were used in this study. The NCDB includes approximately 76% of all malignant thyroid cancers in the United States from over 1,400 facilities accredited by the American College of Surgeons' Commission on Cancer (CoC) that collect and submit data to the NCDB [12] . The NCDB contains standardized data elements on patient sociodemographic, insurance status, tumor characteristics, and first course of treatment and facility factors [13] . The Morehouse University Institutional Review Board reviewed American Cancer Society studies using the NCDB and determined this study exempt from institutional review board review.
Adults ≥ 18 years and older who were diagnosed with their first primary medullary or metastatic well-differentiated thyroid tumors between January 1, 2004, and December 31, 2013, and who received all or part of their first course of treatment at a CoC-accredited facility were selected from the NCDB (n = 259,669). 2013 data were the most recent available. This population was further restricted by excluding patients with missing data on histology, tumor size, chemotherapy, surgery, radiation, and facility characteristic variables, as outlined in figure 1 . We excluded insured patients with other government forms of insurance (e.g. Indian Bureau of Affairs) from analyses because of small numbers (n = 373). In order to more accurately examine temporal changes in chemotherapy use, patients treated at noncontinuously approved CoCaccredited facilities were also excluded from the study (n = 16,582) as the number of CoC-accredited facilities contributing data to the NCDB increased over time. The final analytic cohort contained 199,654 patients.
Histologic type was based on the World Health Organization's International Classification of Diseases for Oncology version 3 (ICD-O3), and the following ICD-O3 codes were used to define differentiated tumors (8290, 8330: 8332, 8335, 8050, 8260, 8340-8341, 8343-8344, 8350) and medullary tumors (8345, 8346, 8510) [14] .
Outcome Measures
The primary outcome of this study was overall receipt of chemotherapy use, which was considered as a binary variable (yes/no). All MKIs are coded as chemotherapy based on the Surveillance Epidemiology End Results * Rx coding guidelines, which are also followed by the NCDB. The NCDB does not collect data on the type or dosage of chemotherapy, so we were unable to determine differences between non-MKI and MKI chemotherapy agents [13] .
Predictor Variables
Several patient, area, and facility level characteristics were included in our analyses. The primary predictor was the year of diagnosis, which was grouped into categories based on the recent Insurance types at the time of diagnosis were grouped into the following categories: uninsured/Medicaid and Medicare/private, and missing/other. Tumor size was also considered and grouped as: <2 cm, 2-3.9 cm, and ≥ 4 cm. Surgery was grouped into two main categories (no surgery, subtotal thyroidectomy, or total thyroidectomy) and receipt of radiation was considered as a binary variable (yes/no). Facility-level characteristics included facility type and were classified based on accreditation program of the CoC: community cancer, comprehensive community cancer, and teaching or research centers. Community centers treat at least 300 cancer patients a year and have a full range of services for cancer care, but patients need a referral for portions of their treatment. Comprehensive community cancer centers offer the same range of services as the community hospitals but treat at least 650 annual cancer patients and conduct weekly cancer conferences. Teaching/research facilities have residency programs and ongoing cancer research, and this group also includes National Cancer Institute (NCI)-designated centers.
Statistical Analyses
Statistical analyses were performed with SAS software (version 9.3; SAS Institute Inc., Cary, N.C., USA). Differences in patient demographic and clinical factors by histologic type were examined using χ 2 tests and corresponding p values. These test statistics were also employed to analyze the relationship between chemotherapy and the aforementioned patient and physician characteristics stratified by histologic type. We also examined the receipt of other treatments, including surgery and radiation, in the most recent time period (2011-2013) using descriptive statistics. Marginal logistic regression models, accounting for clustering of patients within facility types, were used to estimate odds ratios (OR) and corresponding 95% CI of receipt of chemotherapy over time. Multivariate models were also used to examine the association between chemotherapy and patient and facility factors in the most recent diagnosis years (2011) (2012) (2013) . Additional multivariable models with an interaction between time (2004-2010 vs. 2011-2013) and patient as well as facility characteristics were conducted to determine if certain patients or facilities adopted chemotherapy sooner. We also examined chemotherapy use by patient and facility characteristics in 2013 for metastatic DTCs; however, model estimates were unstable due to the small number of cases diagnosed in this year (n = 225).
Results
Overall, 199,654 patients were included in our analytic sample with 194,667 nonmetastatic DTCs, 1,633 metastatic DTCs, and 3,354 MTCs. The average age was 48.8 years in nonmetastatic DTC, 60.2 years in metastatic DTC, and 54.0 years in MTC patients ( table 1 ). The majority of patients were female and white, regardless of the histology. Approximately 41.3% of MTCs had positive regional lymph nodes and 5.5% had metastatic disease. A greater proportion of metastatic DTCs and MTCs were treated at teaching/research facilities compared to nonmetastatic DTCs.
Among MTCs, 5.0% of patients received chemotherapy in 2011-2013, which was significantly higher than 3.1- .6% of patients (n = 1,408) received chemotherapy (p = 0.755). Surgery remains the most common form of treatment in metastatic DTCs. Overall, <1% of DTC patients without metastatic disease received chemotherapy, which was consistent throughout our study period. Table 2 displays the proportion of patients receiving chemotherapy by patient and facility factors between 2011 and 2013. Among MTCs, over 40% of metastatic patients received chemotherapy compared to <2% of nonmetastatic patients (p < 0.001), and chemotherapy use was more common among patients with larger tumors and regional lymph node spread. Chemotherapy use was more common in males and in uninsured/Medicaid patients in MTCs, but did not vary by facility type. Among metastatic DTCs, chemotherapy use did not vary by patient demographics or facility type, but was more common in patients with larger tumors. Among nonmetastatic DTCs, <1% of patients received chemotherapy, regardless of patient or facility characteristics. Table 3 presents adjusted models factors related to chemotherapy use by histologic type in the most recent time period (2011-2013). Among MTCs, several clinical factors, including presence of metastatic disease (OR = 22.61, 95% CI: 11.42, 44.76), regional lymph node spread, and larger tumor size category, were associated with increased odds of chemotherapy. The aforementioned differences in chemotherapy use among MTCs by gender and insurance were no longer significant in adjusted analyses. Among metastatic DTCs, the only prominent factor associated with chemotherapy use was tumor size. Results were similar in models restricted to patients diagnosed in 2013, though model estimates were unstable due to the small number of patients diagnosed within a single year (n = 225).
In sensitivity analyses to examine if certain facility types adopted chemotherapy sooner, the interactions between facility type and year of diagnosis (2004-2010 vs. 2011-2013) were not statistically significant in MTCs and DTCs (data not shown). Further, interaction terms for patient demographics and year of diagnosis were not statistically significant.
Discussion
To our knowledge, this study is the first to examine chemotherapy use among DTCs and MTCs in clinical practice. Overall, chemotherapy use among MTC pa- Among MTCs, chemotherapy use was more common among patients with metastatic disease; however, less than half of all recent metastatic patients were treated with chemotherapy. Studies of targeted chemotherapeutic agent use in other cancers have shown varying patterns of uptake [15] [16] [17] . Among elderly patients with stage IV colorectal cancer, there was a rapid uptake of bevacizumab (Avastin), a monoclonal antibody, following the FDA's approval of this drug in 2004 [16] . Following the FDA's approval of rituximab, a targeted therapy for non-Hodgkin's lymphoma, use remained low (<5%) among diffuse large B-cell non-Hodgkin lymphoma patients within the first 3 years, but rapidly increased 4-5 years after the FDA's approval [15] . Additionally, sorafenib utilization was low among elderly hepatocellular carcinoma patients in the 2-year period following its FDA approval [17] . The cost of such targeted therapies remains a concern [18] and may influence its adoption in clinical practice [19] . For example, a monthly cycle of sorafenib, one MKI approved for the treatment of thyroid cancer, is approximately USD 10,555 [18] , which may be prohibitively expensive for some patients. The limited effectiveness of MKIs in treating thyroid cancers may also contribute to their slow uptake in clinical practice [6] [7] [8] [9] . For example, in one phase III randomized clinical trial among MTC patients, progression-free survival among patients randomized to cabozantinib was 11.2 months compared to 4 months in the placebo group [8] .
Previous studies note earlier adoption of innovative cancer treatments and procedures in specialized cancer centers and vary based on physician-related factors, including the practice of their peers [20] [21] [22] . We did not observe a significant difference in the use or early adoption of chemotherapy by facility type. This could be due to the relatively high proportion of MTCs (>50%) who were treated at teaching/research or NCI facilities, likely a result of these high-risk patients being referred to and treated at specialized facilities [23] . Further, we did not observe differences in receipt of chemotherapy by patient sociodemographic factors among MTCs and metastatic DTCs, while studies of innovative treatments among other cancers have [15] . Overall, chemotherapy use in our study was relatively uncommon. Previous studies note that disparities tend emerge after innovations become more common in clinical practice [15] . Further, a recent study of MTCs note similar rates of thyroidectomy among blacks and whites, but lower odds of lymph node dissection following surgery among blacks compared to whites, after accounting for clinical factors [24] . Similarly, studies of DTCs note comparable use of thyroidectomy and cause-specific survival rates in blacks and whites after controlling for clinical factors [2, 25, 26] . Several clinical factors were associated with chemotherapy use among MTCs and metastatic DTCs. Among MTCs, the presence of larger, metastatic tumors as well as having positive lymph nodes were associated with receipt of chemotherapy, as expected. Our results are consistent with patients included in clinical trials for MKIs who had locally advanced or metastatic disease [7, 9] . Further, among metastatic DTCs, larger tumor size was positively associated with receipt of chemotherapy, though results in the most recent time period for which MKIs were approved (2013) are limited due to the small number of cases within a single diagnosis year.
There were several limitations of this study. First, we lacked detail on the type of chemotherapy administered. Based on NCDB coding rules, MKIs are coded as chemotherapeutic agents, and while the likelihood that well-differentiated and medullary thyroid cancer patients were treated with traditional chemotherapeutic agents is low, we were not able to differentiate the chemotherapy type or dose. Further, we were not able to capture all the clinical features that may influence a physician's decision to recommend MKIs and determine who may most benefit from chemotherapy [27] , including specific MTC tumor markers or detailed clinical information regarding resistance to radiation among patients with DTC. Further, the NCDB only captures patients treated at CoC-accredited facilities, and these patients may not be representative of all patients; however, case characteristics between the current study and a previous study utilizing a populationbased registry (Surveillance Epidemiology and End Results) are similar [24] . The precision of our multivariable models estimates are also wide as a result of our modest sample size; however, due to the rarity of MTC and metastatic DTCs, our study contains a relatively large number of cases. Additionally, our study only captured the 2-year period following the FDA's approval of MKIs for thyroid cancer, which may provide a baseline measurement of chemotherapy use in these patients, but different patterns could develop in the future.
To our knowledge, this study is the first to examine chemotherapy use among MTCs and DTCs in clinical practice. Overall, chemotherapy use among MTC patients marginally increased following the FDA's approval of MKIs in 2011, though its utilization in these patients remains low. Several tumor characteristics, most notably the presence of metastatic disease, were associated with chemotherapy use among MTCs, but facility characteristics and patient demographics were not. Continuous monitoring of chemotherapy in thyroid cancer patients is warranted to assess the effect of the FDA's approval of these drugs.
